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FOREWORD

This report is presented as ome of a set describing the
Project "Hazel"” study performed by the Convair San Diego
Division of the General Dynamics Corporation. The entire
set of reports, listed below, represents Conveir's fulfill-
ment of the publications obligation specified in Contrect
NO2s-58-812 (8S-100) and Amendment f1, issued 14 August
1958 by the Bureau of Aeronautics.

ZP-252 Summary (Brochure of Charts with Text )
ZP-253 Aircraft Design
ZA-282  Aerodynamics

23-026 Propulsion, Structure Heating, and Pressuri-
zation
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SYMBOLS

A3 = engine reference ares - rc2

Ag = engine exit area - ft2

A, =  cepture area - £t2

cD = dreg coefficient

cDi = induced drag coefficient
zero 1ift drag coefficient

ACp = increment in Cp due to wing waxrp
C, = 1ift coefficient
oL

&
"

=  1ift coefficient dus to control deflection - 1/deg.
CM =  control effectiveness - 1/deg.
Cy = pitching moment coefficient
CMO = pitching moment coefficlent at zero lift
Cx = normel force coefficient
C, = Yyawing moment coefficient
C,, = yaving mament coefficient slope - 1/deg.
C.g. = centem?fagravity
CsPs = centor(énf pressure
€ ar MAC = mean asrodynamic chord -~ ft.
g = load ;’actor - acceleration of grevity
/

H.M.

contral hinge moment - 1b-ft.
£ = mf‘cnncelengthﬂrootchcrd-ft.
11ft to drag ratio

=
S~

o

i

My = mcncnt of_areas - ﬁ-,3

M = Mach mmber
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P = pressure - Zum/f‘t:2

q =  dynemic presswe - 1bs/£t2
RN = Reynolds number

Bpeg =  Ving ares - 2

8, = finarea - £t

8 = control surface area - fta
gr-l = liquid hydrogen

8 g = lesding edge cross ssctional area - ft°

Sp =  wing base area - 42

SFC =  specific fuel consumption - 1b/hr/lb

Sg = area of control teb - £t°

t/c =  thickness ratio

Vv = velocity - ft/sec.

V; =  average velocity during cruise on first 1/3 of fuel - ft/sec
Vy =  average velocity during cruise on last 2/3 of fuel - ft/sec
Ax = distance along X axis fram c.p. to ¢.g. - £t.

Xa.c., distance from leading edge of MAC to aerodynamic center - ft.

Xc.p. = longitudinal distance from leading edge of MAC to the point
through which the resultant serodynsméc force acts - ft.

Xo.g, = longitudinel distance from leading edge of MAC to c.g. - ft.
Wo = initial veight - lbe. |

W, =  weight with 1/3 of fuel consumed - 1lbs.

Vo = weight with all fuel consumed - lbs.

W = welight of propellant - 1bs.

I~ angle of attack of root chord - degrees

Kqp = trim angles of attack - degroes
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o control surface deflection - degrees

)
5'r s  control surface deflection required for trim - degrees
B =  sideslip sngle - degrees

Y

= ratio of specific heats

/Ay .g. = sweepback angle of wing leading edge - degrees
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SUMMARY

This memorandun presents the aerodynamic characteristic, performance
end methods of analysis used in the study of several manned reconnaissance
Vehicles.

Studles were made to size & number of configurations to yleld ranges of
3,200 or 4,000 nsutical miles carrying payloads of 300 to 1,300 1bs. A basic

configuration designated MC-10 was selected and a more detailed anelysis of
1ift, dreg, stability, contrcl snd maneuverability was made.

The basic characteristics of MC-10 are included in Table I.

TABLE I
Payload lbs. 800
Range N.Mi. 3,200
Cruise Mach number 3.0
Cruise altitude S o 1 125,000 to 137,800
Veight and start of cruise 1b 13,800
Fuel (Pentaborane) v 6,330
Lift/drag at start of cruise L/B L.17
Reference (wing) area £t 1,985

Engine - 1 Marquardt ramjet

The MC-10 meets or exceeds the performance requirements stated on
rage 1 of this report.

A three-view of MC-10 is shown in Figwre 1.
Additional configurations ere shown in Figures 2 through 6.

The basic characteristics of a number of ramjet cruisé configurations
are shown in Table II.

Velocities required of boost-glide and boost-rocket cruise-glide type
vehicles were fournd unacceptable by the custamer. As e result these
configurations are included for recard pwrposes only and are not discussed
in detail.
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INTRODUCTTON

The purpose of the work summarized in this memo was to conduct a
preliminary study of a manned reconnaissance vehicle, either glide or
cruise, to meet the following requirements:

Reconnaigsance altitude 150,000 to 200,000 ft
(100,000 ft. minimum)

Cruise speed (if cruise type) Mach No. 2 to 3.

Glide speed (if glide type) as low as pouibl;

Range 3,200 n.mi. (2,500 min.)

Reconnajissance range at optimm altituds 1,500 n.mi. (1,000 min.)

Payload ‘ 800 1b. (400 minimum)
Crev 1

Besbased

Wing losding, W/8 <10 1b/ft?

This report covers the aerodynamic studies that were mede in obtaining
a vehicle that meets the stated requirements. Boost-glide, boost-rocket
cruise-glide and boost-ramjet cruise configurations were evaluated.

The minimum range considered was 3,200 n.mi. and the minimum altituds,
125,000 ft. at start of cruise while carrying e payload of 800 lbs. at Mach
munber = 3.0,

The body of this report discusses the aerodynamic characteristics,
performance snd sizing of vehicles with alternate mumbers and type of pover
plent, alternate fusl types, reange and payload.

A detailed discussion of the methods and equations used in determining
serodynamic characteristics and performance is included in Appendix A.
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DISCUSSION

1. Types of Vehicles Studied

Three general types of manned reconnaissance vehicles were considered
initially. These were: boost-glide, boost-rocket, cruise-glide and boost
ramjet cruise.

The first two were studied briefly and appeared quite feasible from the
stendpoint of design prodlems, size, materiels and range and altitude
potential. The basic characteristics of the rocket powered configurations
are stxmmarized in Table III. A typlcal three-view is shown in Figure 7.

mese configurations were rejected by the customer, a.ppa.rently because
the average velocities were too high for the reconnaissance mission and
severely limited maneu\rerahility

The operational characteristics of the boost-ramjet cruise type vehicles
were found acceptable, and considerable effort was expended in studying con-.
figurations with alternate ramjets, fuel types, number of engines, ruels,
payload, range and ecruise altitude.

2. Aerog.ynamic Design Limitations Imposed by Operational Reguirements

The aerodynamic performence of the ramjet powered configurations was
compromised by the requirements of a fairly flat, clean undersurface with
engines, pilot and payload located om top of the ving and wthin the linmits
of the leading and trailing edges.

Additional penalties were incurred by a requirement (Conveir imposed)
for a meanual control system and static stability subsonically. The additional
trim drag incurred by designing for static shability subsonically resulted in
an 11.5% increase in gross weight and a decrease in cruise altitude of 3,000 ft.
This was considered a reasonable penalty to pay for the improvement in simpli-
city and reliability.

3. Trajectories !

The flight of the ramjet powered vehicles consists$ of three pheses:
the boost phase, the cruise phase and the glide phase. The boost phase
consists of boosting the vehicle to the design cruise altitude at a Mach
number of 3.0, The range during boost is conservatively assumed as 20 n.mi.
During the ramjet cruise the vehicle is designed to fly a Breguet range
path and therefore the altitude increeses as fuel is burned. The

¢
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cruise range is either 3,000 n. mliles or 3,800 n. miles, depending on the
vehicle. When the fuel is cthatodtheveﬂcloboginsawdmmL/D
glide. The renge in glide is approximstely 180 n. miles. Figure 8 presents
en altitude range plot for 3,200 n. miles and 4,000 n. miles configurations.
The time from launch is plotted at several points along the trajectories.

Booster stulies were assigned to Boeing Airplane Company by the Ravy
project coordinator under separate contract. For this reason no detailed
atxﬁioactthobooatphasemmad.eby%nvair.

Limited hand calculations indicated that a vehicls of the Hazel type,
1sunched from a B-36 at 45,000 £t., would require & booster mass ratio of
about 1.88 to reach Mach 3.0 at 125,000 ft. For the MC-10 configuration
this led to a launch weight of 30,525 lbs assusing metal parts of the booster
equal to 17% of the booster propellant weight.

k. Remjet Powerplant Cheracteristics

The characteristics of the remjet powerplants proposed by Marqusrdt
and Pratt and Whitnsy ere discussed separetely. Only clrcular, pod type
engines wvere considered.

The engines proposed by Marquardt are constructed of & non-metallie,
1light weight material in any size required. Optimum burner length is
stated as 16 feet with large penalties in thrust and specific fusl con-
sumption (8P€) for shorter lengths at altitudes above 100,000 f£t. Inlets
are oirculexr and of the internal -external compression type resulting in
optimum range characteristics. Performance is quoted with Pentebcrane or
Hydrogen (&F-1) fuels. Figures 9 thru 11 are reproductions of data provided
by Marquardt end show thrust cosfficient, Cr and SFC at varying altitudes
and Mach nunbers. IEngine weight is found from Figure 12 and external dreg

from Figure 13.

The engines proposed by Prett end Whitney are of conventional
petallic structure, and the maximum engine size is limited to approximately
8 £t outside diemeter. The size limil is imposed, since P & W 18 unwilling
to promise an engine that cannot be tested in existing facilities. The
burner length of P & W engines 1smwhsmrthanthato¢mrq\m:ﬁt
degigns, with no explanation of this difference at present. Performance
18 quoted with Penteborane ox gF-1 fusls. Fuel econamy burning Pentaborane
15 poorer, whils that for gr-1 is better, than quoted for the comparable
Marquardt engine. Figures 14 and 15 present plots of the Pratt end Whitney
engine data used in this study.
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5. Aerodynemics

This section consists of & brigf discussion of the sercdynamic character-
istics of the remjet cruise vehicles. A detailed discugsion of the methods
and equations used in dstermining the asrodynamic clmracteristics is given in
Appendix A.

The serodynamic c¢haxracteristics have been exsmined in detall at Mach 3.0
but only hriefly &t subsonic speeds.

It ia noted here that, due to time limitations, the 1lift, pitching moment
and trim characteristics have been evaluated only for a bagic single engine
vehicle and a basic twin engine vehicle.

Life

The 1ift is made up of the lift of the wing and 1ift dus to the internal
flow in the ramjet. It has been agsunsd that the external 1lift of the body 1s
zero due to the manner in wvhich it is located in the flow field of the wing.

The wing has been warped to give minimum drag due to lift with & 10%
wing static margin. The wing was optimized on the IEM 704 ccmputer program
of Reference 1.

Pitehing Moment

The pitching mcment characteristics have been evaluated at Mach number
3.0 with power on and &t subsonic speeds with power off in order to find the
center of pressure shift. At{ Mach number 3.0 the pitehing mament consists of
the pitching moment dus to the body and wing normal force and a CMg term due
to the zero-lift drag and engine thxrust. The pltching moment at subsonic
speeds is made p of the sams terms as sbove axcept that the nose down
moment from engine thrust is replaced by & ncse up moment froam engine drag.
The center of pressure shift obtained above was found to be 13% of the MAC.
In order to provide a stable subsonic vehicle with at lesast a 1% static
margin, the forward c.g. was placed at .32 MAC. The trim drag at the start
of the Mech 3.0 cruise was reduced to zero at the design Cp, by placing the
aft c.g. at .45 MAC. The fuel is programmed so that the c.z. remains at
45 MAC as the first third of the fuel is burned and then moves forvard
linesrly to ti®. .32 MAC point as the remaining fuel is used.

Controls

Tip elevon controls were selected for pitech and roll control after an
exsmination of various types of surfaces. The tip controls have several
advagtages. They will not interfere with the engine inlet flow and they
increase the posgibility that the hinge maments can be reduced to be
compatible with a manual control system. A tip control aree of 1/9 of the
wing ayea has been selected bassd on low speed characteristics. Directional
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Drag

The drag is made up of three texms:
1lif't and the trim drag.
leading edge drag, base drag, friction drag, and a mmall increment due to

wing werp. 7The friction drag has been evaluated at 135,000 feet. The trim
drag is the increment in dreg due to 1ift resulting from deflecting the control
surfaces.
in Teble IV.
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The zero lift drag is made

control is provided by rudders on the vertical fins.

the zero lift drag, the drag dus to

up of thickness drag,

A zaro 1ift drag breakdown for the MC-10 configuration is presented

Directional Stability

6.

* The directional stability characteristics were analyzed and & fin

Vehicle Sizing

plze selected.that would give a directionally stable vehicle over the ccmplete
flight regime.

The vehicles were sized to give the required cruise range of either

wharé

3,(D0 n,.m. & 3,800 n. mi.
Breguet rangs equation:

V-

Range = .592 (L/D)l&]l‘cl—- log, 5‘-‘2- + (L/D)y

W, V.

1

The cruise range was obtalned using the

2 1 E--1\11»«5.1.1:
?’—6-03,% | y

2

gross weight, lbs. (L/D); = (L/D) aft c.g.
Wo - 1/3 Wigyel

LR (L/D), = average (L/D) as c.g.

aversge velocltiy srcl =
as the first third

of fuel 1is used.

- ft/sec.

average velocity SFCa =
8s the last two

thirds of fuel is

used L ft/m.

SECRET

shifts to forward c.g.

average specific fuel
consumption as the first
third of fuel is used -
1b/hr/1b

average specific fuel
consumption ag the last
two thirds of fuel is
used - 1b/hr/lb

PORM (200 -au
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The sizing of the vehicles to give the necessary cruise range involved an
iteration procedure. The vehicles were assuped to start crulse at 125,000 ft.,
or higher if wing loading pexmitted. Actual sterting altitude was determined
by optimum L/D. S .

A gross welght vas assumed and a lift ccefficient that would give
eppraximately (L/D)pax Wes uced to find the required wing area to start :
cruise et 125,000 £t. Cpp was then evalusted essuning the ACp, contribution
from the engine. The value of L/D at the start of crulse was evalusted and |
using this value the required engine thrust was obtained. The thrust required
was merked up by 10% and the required captwre areea obtained using a thrust .
coefficlent provided by the engine menufacturer. The engine drag was obtained
and coapared with the assumed velue. If there was en apprecisble difference
the calculations were repeated using the new value.

The next step in the sizlng procedure was a weight breakdovn. The
weight breakdowm for all thé ramjet powered configurations that were studied
is showvm in Table II. The ski welght is assumed 2% of the empty weight. The
wing weight is obtained from Figure 16 as a function of gross weight and wing
ares assuming a non-rigld structure, pressure stebilized. The engine weipht
18 cbtained fram Figure 12. The fusl system is assumed to be 10% of the fuel
weights for Pentaborane fuel end 15% for SF-1. The difference between the
assumed gross welight and the dry weight is the fuel weight.

«  Before the range equation could be solved it was necessary to obtain
L/D at the forwaxd c.g. position. When the c.g. is at its forwerd position
at Mech 3.0 there is a trim dreg penslty resulting in a 125 decrease in L/D.

The cruise altitwules corresponding to 1/3 fuel used and all fuel used
were found, and these altitudes, together with the starting eltitude, were
. uged to determine the average velocities and average specific fuel con-
sumptions for use 1in the range equation.

The renge equation wes then solved. If this did not give the required

cruise range, the assumed gross weight was decreased or increased as required
and the calculations repeeted. ‘ ' ‘

T. Configurations

This section discusees briefly each of the verious ramjet configurations
analyzed. All of these had a 60° delta wing with 2 inch diameter leading edge
3 inch diemeter tralling edge. The engines are mounted on pylons sbove the
wing . ' There are one or two verticel tails depend-
ing on the mmber of engines. The total vertical tail area is 14} of the wing
area. Longltudinal control is obtained with tip controls having a total
area equal to 1/9 of the wing area. The basic characteristics of all the
enalyzed configurstions are presented in Table II.
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MC-10

The MC-10 vas selected as the basic configuration and 1s shown in Flgure
1. This selection was scmevhat arbitrary though it does inecrporate the
feastures considered most desirable, as follows:

1. Bingle engine hidden ebove the wing.
2. Light weight and minimum volume through use of Pemtaborane fuel.
3. Flexible, non-metallic, pressurized structwre.

The MC~10 is a 3,200 n. mile range vehicle powered by & single Marquardt
remjet mounted on & pylon over the wing root chord. Ths pylon contains the
pilot, instrumentation and fuel. There are two vertical fins mounted outboard
on the wing. 'memntabwamfmlisprogmdaomttue.g.mimat
.hSMACasthoﬁrstthirdctthetmlisconsmdandth-nmmefcwardto
the .32mcpointvhonauthofmlisused. T™e bagic structuwre is non-
metallic, flexible and pressurized.

MC-11

The MC~-1l is & fived c.g, version of the MC-10. It is designed to have
& constant c.g. &t .45 MAC and hence no trim drag during cruise. It is
therefore an unstable vehicle during the glide. This version was investigated
in order to show the penslty involved in having a stable glide vehicle. This
penalty smounts to & 1,400 1b. difference in gross welghts.

MC-1lb
$he MC-1l4 is a single engine Msrquardt ramjet vehicle dasigned for

4,000 n. miles range. It weighs 27,000 lbs., hes & 3,000 ving and is
basically & longer range version of the MC-10.

MC-15

The MZ-15 is & 300 1b. payload version of the MC-10. The 500 1b.
reduction in paylosd results in & 1,600 1b. reduction in vehicle gross
weight to 12,200 1lbs.

MC-17

The MC-17 is a 1,300 1b. payload version of the MC-10. This 500 1b.
increase in payloak results in & 1,615 lb. increase in vehicle gross
weight to 15,415 lbs.
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MC-19

The MC-19 shown in Figure 2 is a rigid non-metallic, pressure stabilized
gstructure version of the MC-10. The wing and fins are made of rigid plastic
' rather than a flexible materlal. The rigid structure results in a gross
veight increase of 4,500 lbs.

- MC-20

The MC-20 shown in Figure 3 is a 3,200 n. mile range vehicle with two
Marquardt. ramjets mounted on pylons ebove the wing outboard of the root
chord. - The pllots compartment, instrumentation and fuel are contained in
a body eitusted on top of the wing root chord. This body fairs into the
single vertical tail. Gross weight is 13,150 lbs. The engines extend

“beyond the wing leading edge.

MC-22 -
. 'The MC-22 is & 3,200 n. mlle version of the MC-20 using SF-1 fuel
instead of .Penteborane. The density of fF-1 is less by a factor of 8.k
than Pentaborane which means e much larger fuel tank is required and - -
hence a higher Cpp. The specific fuel consumption of SFP-1 is much less
‘than Pentsborane and the net effect is a reduction in gross welght to
8,600 lbs..

Me-2k

The MC-24 is similar to the MC-20 except that it has shorter engines
as shown in Figure k. ) ’ T - .
. The shortened engines heve poorer performance
which resulted in an increase in vehicle weight of 3,350 lbs. over the MC-20
to 16,500 1lbs. :\

PC-20

The PC-20 is a 3,200 n. mile vehicle with two Pratt and Whitney ramjets
using Pentaborane fuel. The Pratt and Whitney engines are metallic and
heve a greater weight per pound of thrust than the Marquardt engines.

The specific fuel consumption is also greater. These two factors result in
a vehiclfe’}“'l‘,_;eos 1bs heavier than the MC-20 for & gross weight of 14,350 lbs.

P22 |
ThePC-a? shown in Figure 5 is an SF-1 fueled version of the PC-20. The
Pratt and ‘Whitney specific fuel consumption for SF-1 is less than the
-Merquardt value vhich helps to offset the heavier engine welght. The PC-22
is‘»-l,lO_Q' J.b‘s. heavier than the MC-22 for a gross weight of 9,700 lbs.
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PC-2h

The PC-2hk shown in Figure € is & 400n. mile version of the PC-22.
It 2as two Pratt and Vhitney ramjets and usgses £F-1 fuel. It has an extreme-
1y large fuel tank which iacresses CDO. Grogs welzhit is 13990 1lbs.

8. limneuverability

A brief analysis of the turn capabilities of these confipuratione hes
veen mede. An exemple has been calculated for the ¥MC-10. It was sssumed
that in making & turn the vehicle dropped down in altitude so that it could
complete the turn without lncreasins the aazle of attack more than 2°. ‘he
two degree limit was established since thrust data are cuoted for ¥ 2° aagle
of attack on the inlet, with thrust penalties at higher anzles (-5) @ 3 deg.).
The equilibrium altitude as a fuaction of turn load factor is shown in
Figure 17. A 180° turn was calculated starting at the point where 1/2 of
the fuel has been used. The fuel used during the turn was subtiracted and
the remaining range calculated. The ranze for a flight with a 130° turn
wag sssuned to be the yange up to the start of the turn plus the range after
completing the turn. Figure 17 snows the loss ia range as a fDunciion of the
load factor (g's) in the turn.

Qune-Enzine~Out Performance of Uwo«"ngine Conflgurations

The ons-engine«out performance of the twin enginee coufigirations was
investigated. ‘“here is enoush fin end rudder to trim cut the yawing moment.
However, the maximum thrust of one englne is less than the gero lift drag
of the configuration, which means the mission can not be campleted.

9. Perametric Studies

In the course of this project several parametric studies have been made
and are discussed in this section.

ffect of Start-of-Cruise Altitudle on Vehicle Size

Figure 18 presents a plot of vehicle gross weizht ve start-of-cruise
altitude for 3200 n. mile range. It is peen that the vehicle weight goes
up quite rapidly with increase i{n starting altitude. £ limiting start-of-exrulse
altinde,of 140,000 feet is shown. This is due to the increase in specific
fuel consumption with allitude, and uvo the decreasing mass ratios resuliing
from rapldly iscreasing wing welght.
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Effect of Changes in Fixed Weigkt (Payload) -

The effect of varying fixed weight (paylosd) on vehicle asize Tor 3200
n. mile range is shown in Figure 19. It is seen that there is an upper
limit of 2500 ibs. additional weight that can be carried 3200 n. miles.
Any weight increases over this limit result in decreased reaze.

Range Parameter

The Brequet range equation shows thet the range is directly proportional
10 the paremster (L/D) Y . A plot of this parameter against eltltude for
MC-10 econfisurstion at ' -poti: forward and aft c.g. positions is presented
in Figure 20. It is seen that the MC-10 is designed to fly verr close to
the maximum value of this parsmeter.
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APPIIDIY A

This Appendix gives a detaliled explanation of the methods of analysie
used in computiag the aerodynamic charecteristics of the ramject cralse vehicles.
A detailed analysis was mede on only ibe basic singlc ewglue venicle, deeipnated
MC-10. To save time exd maa-hours the basic it and piltchiigy noment character-
jetics of the power plant used on this vekicle vere used on all other configurs-
tions. She charscteristice have been eveluated in detall at liach 3.0 with only
a brief analysis at subsonic speeds.

I‘xénmptions vere made where necessary, consistent with time and accuracy
reguirements of the study.

LI¥T

The 1ift of the confizuration is made up of the 1lift of the wing and the
117t of the body or power plant. The following sssumptions have been made
wvith respect to the 1ift aselysis:

1) The body had no effect oa the 11ft of the wiags.

2) The body lift consisted of the engine internal 1lift. The externsl
1ift of the vody wes assumed to be zero.

3) The thrust vector is assumed parallel with the flight path. This
is conservative since tie engine for the ¥C-10 is bent to give a
component of lift equal to thrust times sin o¢.

-

W i_x:_tg

Tohe wing vhich wds used on these configurations has been cptimized for
minimum Arag using the method outlined in Reference 1. It was optimized at
a8 Mach number of 3.0 to kave minimum drez &t & given lift coefficilent, C,,
with a 107 gtatic margin. The wing aerod;ymanic characteristics resulting from
this program are presented in Figure 21.

These aerodynamic characterictics have beeun used directly for all twin
engine configurations. In the single engine contigurations, however, there
is a flat ramp on the upper surface of the wing atarting at the apex wirleh
goes vack to approximately the chordwise location of the eugine inlet. ‘lhe
purpose of this ramp 1s to keep the wing leading edge shock away from the
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inlet and to provide undisturbed flow at free stream conditions to the engine
at the design angle of attack. The effects of this ramp have been approxi-
mated by applying shock expansion theory to a plane delta wing of the same
planform with and vithout a remp in the region of the design angle of attack.
At these conditions it was found there was approximately e 7% loss in 1ift.

Body

The body e&s used in thie report refers to the ramjet engine. In the
single engine configuration the body is mounted on a pylon above the wing
root chord. In the twin engine configurations the engines are mounted on
pylons ebove the wing outboard of the root chord.

The body lift was calculated as the internal 1ift resulting from
deflecting the inlet stream tube. The lift and normal force have been
assumed ecual. It hes been assumed in this snalysis that the external
1ift of the body is zero. The body is located in a complex flow field
of the wing; a flow field vhich will vary considerably vith angle of
attack. A brief investigation has shown that 1n the region of the design
angle of attack the forces on the external body shell are guite amall.

In future studies the external flow over the body should be investigated
more thoroughly in order to verify these assumptions.

The body has a bend in it with the centerline of the froni part in-
clined at -8.5° relative to the wing root chord. The aft part of the body
is parallel to the root chord. This was done so that at the design angle
of atteck of 8.5° the inlet would be at a relative angle of attack of 0°.

The {nternal normal force coefficient was divided into two terms; a
_ term at the lip and & term at the bend of the body. The term acting at the
lip 18 given by

C = 2-0 C d-" 85
( 5)

vhere AC = capture area.

The thym ecting at the bend is & constant given by

Cy = 2.0 Ag 8.5
57.3 "E ref

A plot of total lift coefficient against sngle of attack at iach 3.0 for
single engine and twin engine configurations is presented in Figure 22. 4s
previously mentioned, the difference in these two curves 1s due only to the
affect of the ramp shead of the single engine inlet.
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PITCHING MOMENT CHARACTERISTICS - MACH NO, = 3.0

The pitching moment consists of the pitching moment due to the normal
forces of the wing and body and a Cyp term due to zero engle of attack drag
and engine thrust. The vertical c.g. ves aseumed to be located 2.5 ft. above
the upper surface of the wing.

¥ing

The warped wing used on these configurstions has a 107 stetic margin
for the wing alone at the design 1ift coefficient. The pitching moment
coefficient about the .5 MAC point is a constant for each design lift co-
efficisnt. The wing deeign 1ift coefficient was selected so that at the
aft c.g. the complete configuration would have spproximately & 1 static
margin &t a 1ift coefficient of .139 with no trim dreg. The wing shape
actually used for the MC-10 ves optimized for & design 1ift coefficilent
of .09. This ving is not the optimum since a wing with a lower design
static margin and & design 1ift coefficlent closer to the configuration
cruise 1ift coefficient would give slightly less dreag due to lift. In

. follow-on studies the wing shape program should be re-rua to take sdvantege
of the lover static margin and higher desigr lift coefficient.

The induced drag of the wing was ovtained from Figure 21. The wing
pitching moment contribution was found using the vertical c.;. position
given avove.

The pitching moment terms due to the body are given by

A X
Cu=Cs
vhere X = dilstance from c.g. to c.p. of component along x axis.
f = reference length = 58.6 ft.

The c.p. of the internal 1ift term due to deflecting the flow at the
inlet was assumed at the lip. The bend in the body wes assumed to be located
at the aft c.g. so that its moment arm wes zero.

The Cy, term aa used here vill refer to the pitching moment coefficient due
to Bero angle of atteck drag and engine thrust.
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The (. due to drag was evaluated usiang the ving, fin exd pylon Cyy terms.
i L0

The (yi, due to the engine was evalumted using the vet thrust, (net jet
thrust minus external engine dre:).

PITCHIIG HOMIT CHARLCTLRIGRICS - SUSSONLC

The pitching moment et subsonic speeds is made wp of the same components
as at Msch 3.0 except that there is no thrust term but rather au inicressed
engine dra; term duc to the cold {low internal drag. A detailed anal;sis at
gubsonic speed has not yet been made.

Vi ing

he subsonic characteristics of the werped wing used ou these configura-
tions were not obiained. In order to epproximate the suvsonlc characteristics
the pitching moment characteristics of e plene delta wing were evaluated.
Test data from Reference 2 gave an estimate of the Cp}‘o shift caused Ly warp-
ing & delta wing.

This CMO ghift wes then applied to the plane delta wing.

Body

The body nommal force characteristics and centers of pressure were
assumed to be the same as at Mach 3.0.

. Iiwo dreg terms were used in evaluating the pitching moment coefficient
due to zero angle of attack drag. ‘[hese were the wing Cig and the engine
off ares.

PITCHING MOMEST COUFFICTINT CURVIZ

The subgonic and Mech 3.0 pitching moment coefficients are plotted ageainst
11#% coefficient in Tirure 22. his fizure shows that en aft c.g. locetion
of .45 MAC is reguired in order to rave approximately a 1. static margia at
the design Cyp, of .139. Thie fizure also shows thet a forvard c.g. of .32 (I\C
is required in order to have & stable subsoiic configuration.

LONGTHUDIVAL GCUIROL RMOUIRLMITILG

The possibility of using a manual control system for the ilazel was the
governing criteria in defining the longitudinal control system. ‘the coatrol
requirenents were analyzed for three reglons of flishi; supersonic cruise,
supersonic maneuvers, and subsonic flight ond landing at zero fuel condi-
tion. The boost phase was not considered durlng this study as boost econficura-
tione were primarily defined in terms of performance. It is felt that the
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airblo;ne palance during boost cen be made compatidle with the control system
ag defined from other phases of flignt.

vuring an extended cruise with e maiual. control system, the alrplane
ghould be stavle. Lonsitndinal control is required here to trim out the
atabilizing moment at the crulse C. and 10 havdle c.g. shifte which occur
&s o result of fuel being consumed.

Some maneuvers are required during the supersonic flisht region. Oaly
moderate angle of attack changes can be tolerated since angle of atteck 1is
generally limited by its effect on tue thrust and drag balmace. 7o accomplish
most maneuvers, a reduction in altitude will ve necessary. ‘herefore, loagi-
tudinel coutrol is required to handle oaly small changes in trin for super-
sonic maneuvers.

The amount of control required for subsonic flight following eruige will
be governed by landing conditions. Theae cenerally involve hish angles of
attack and the most forward a.c. position.

SELECTION F LONGITUDLJIAL CONTROL

Prailing edge flaps, tip controls and nose flaps were considered for
pitch control.

After & cursory examination, the tip coatrols were selected as the most
promising type. Sufficleont control effectiveness could be obtained with
moderate size control surfaces. 'They would not iaterfere with the inlet
£lov of the enaine when deflected. lMost important, there is a possibility
that the hinge moments can be reduced so that they may he competivle with a
manual control system. Structural cheracteristics of the wing were not
defined sufficiently to evaluate the seroelastic effects, therefore, no
further consideration of this influence on control selection vas mede atl
this time.

TIP COWYROT, CHARACTZRISTICS

¥xperimental date on tip controls ves used whenever possible to define
the characteristics of this type of configuration.

Lift due to control surface deflection versue Mach oumber is ghown in
¥Figure 23. As indicated on this figure, the 1ift coefficlent, based on control
aree is assumed independent of control size. Tuis ssourpiion is Jjustified
by exemining the C;, vse conirol size at supersonic and subsonic speeds as
illustrated in Figure 2k, At supersonic speeds the variation .ig liuear; at
subsonic speeds sliphtly higher values of 1ift are obtained experimentelly

than those given by the linear gpproximation used.
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Tha control effectiveness, C’«I , is primarily a function of the moment
of area of the control surfece at’ fupercomc speeds. Figure 25 {llustrates

. this result at & isch number of M = 1.51. Figure 25 elso shows the variation
of x, . /& with lf for the complete wing (1.e. Sc/fep 1-0). For the helf delta
tip cont 1, the relation between moment of area of the control to moment of
ares of the wing 1s Ma/Mayipn, 8ad the control aree to wing area is Sc/f,e
These ratios (together witia the liuear varistion of control force and moment
with contrcl area snd moment of area, respectively) then define the relation-
ship between control size, control deflection and center of pressure at super-
sonic speeds. Subsonic characteristics were obtained from experimental data
and essumed to hold up to M = 0.8. A linear interpolation was used for xc.p./c
values at 0.8«< M < 1.2. 'These results are shown in rizure 25.

The normal force and center of pressure of the control itself are snowa
in Figure 27. The results are in terms of unit control area and tie half delta
tip control root chord. It should be noted that the ceater of pressure on the
coatrol due to o is forward of that due toJ at supersonic speeds. It sppears
feasible to balance the controls during cruise so that the hinge moments can
be handled by the pilot. These results end commente apply to small deflections
and angles of attack. !/ith closely balanced controls, non-linearities in
hinge moments are amplified. These non-linearities will have to be determined
experimentally to accurately define control parameters.

Control Size

Since marneuvers during cruise will be accomplished by changing altitude
and meintaining angle of attack nearly constant, there is no real recuirement
for control moment here other then handling the c.3. travel for trimmed flisit.
A more definite criterie can be used to size tne lonsitudiaal controls by
considering the landing conditions. Fizure 20 presents the minimm trim speed
associated with control size and defleciion for & c.g. &t .32 ¢. The most
effective control at low speeds is the cne which trims the airplane at a given
veloecity with the smallest deflection or coaversely, trims to the lowest speed
with a given deflection. Thus optimum control size for low speed flight is
establisked from this ficure as beins 107 to 13% of the wing erea. The ratio
selacted was

Se/S = 1/9
/S5 Y

It should be noted that if the actual c.g. location for low speed flight is
further aft, the optimum control size can be reduced.
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The control deflection recuired for trim and the chenge ine< per unit §
as & function of c.g. posiclon at the cruise Hach number are presented in
Figure 29 for the control size selected.

Control Belance

Althouzu it 1s proposed to closely balance thie controls at supersonic
crulse (see section on "Tip Control Characteristics"), the larze size of the
surface and the large deflections required for trim at the forward c.g. loca-
tion still produce large hinge moments. At cruise conditions with the sur-~
Pace balanced within 17 of tie control root chord, hing moment per desree
deflection is: -

M. /§ = B85 £t 1bs./des.

‘The large control c.p. shift as liach number joes subsonic also increases
hinge maments. A trailing edge flap on the controls is proposed to handie the
trim moments and change in hinge moments with Mach number. “he flap would be
gperated two ways, as & trim tab and &s an anti-balasnce tab.

The schematic description of the trailing edse flap for gperation 1u
the two modes is shown in Ilzure 30.

Figure 31 presents the effectiveness of 8 nalf spal and full spen trailing
edge flap in terms of (1) moment of area of flap to control surface and (2) ‘
flap deflection to balaace control deflection (measured relative to locel air-
stream) at supersonic speeds. The flap size can de based on irim tab recuire-
mente while anti-belance effectiveness will depend on uhe gearing ratio pro-
vided (1.e. ratio of tab deflection to control deflection).

DRAG AT MACE 3.0

The draz consists of the zero-lift drag, induced dray and trim drag.

Induced Drag - Wing

The wing draz due to lift was obtained from the wiaz optimization program

azd 15 presented in Figure 21 as e function of wing CL.

Induced Dran - Body

The drag due to lift of the body components is glven by
] - O t
('Di = Gy sin ol
~ vhere o ' = angle of attack of camponent.
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ZERO LIFT DRAC

A zero 11ft dray breakdown for the MC-10 is presented in Table IV.

\eve Drag - Wing

The wing thickness drag wee obiained from the theoretical aad experi-
nental date of Reference 3.

The winz used in this study has a rounded leading edge with e dlameter
of 2 inches as dictated by serodyuemic heating. The leadin; edre drag s

given by
5w
C,+1.33 LS cosd AL
~ref
where SL ., - leading edge cross sectional area.
The wing has a rounded base with & 3 in. diameter. "he tase drag is
given by v
o fex %
Dlq ) Base Cpef
vhere SB - affeclive base cross seciional area.

In order to simplify the analysis the 3 in. dismeter rounded base was assumed
to be equivalent to & 2.5 in. thick flat base. The 2.5 ia. was used in find-
ing the effective base cross-sectional ares.

Wave Drag - Pyvlon

Due to the end plate effects of the wing and the body the pylon was
assentially an infinite aspeci rstio eairfoil with a biconvex airfoll section.
The dreg coefficient is given by

2 )
.. 5.33 (¥/c) P

Oy

D /g Sref

where 5.33 is shape constant from Reference 0. Sp = pylon planform ares.

Veve Draz - 'in

The fin wave dreg was ovtained from the theoreticel end experinmental
data of Reference 3.
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Vave Drag - Fuel Capsule

On configuration MC-10 and several other configurations a larger fuel
volume then originelly estimated wes needed. “his volume was obtained by
thickening the pylen. The increase in dreg due to this thickening was esti-
mated by assuming this increased volume took the form of wedges on the sides
of the originel pylon. A drag coefficient was obtained using the wedge
pressure coefficient date of Reference 4.

ave Dreg - Canopy and Fuel Capsule (iwvin Tingine Configurations)

The wave drag of the canopy and fuel capsule wvas obtained from shock
.. expansion theory. The flow was calculated over the forebody as if 1t vere
e half come and then a two dimensional expansion was used to calculate the
flow properties over the aftervodr. The base drag was calculated using the
base pressure coefficients from Reference 5.

Engine

The engine external drag coefficients were supplied by Marquardt and are
gshown in Figure 13. These drag coefficients are based on engine area A

The drag coefficient in terms of wing area 1s given oy 3
' A
C. = Ct ._3.._.
D T S
ref
vhere C! -: drag coefficient based on [;3.

Priction Drag

The friction drag was eveluated st lMach 3.0 and 135,000 ft. using the
method of Frankl and Volshel where the friction drag coefficient is given by

o - «512 , S vetted
Dp " (1og.,. R)EPO (14 X2 1R TS e
10 Y

Trim Drag

The trim drag is the increwent in dxag due to 1lift resultling from control
surface deflection.
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Lift to Drag Ratio, L/D

The value of L/D is given by '

This configuration is designed to start cruise at near maximuwm IL/D
with no trim drag. Since the engine is & constant geometiry enzine and is
gized on the basis of & constant thrust coefficient the total drag coefficlent
should remain the same throughout the flight. /As the last 2/3 of the fuel
are expended the ¢.g. moves forward end trim drag increases. Since the total
drsg coefficient must remain constant the drag due to 1lift of the coafiguration
neglecting trim drag must decrease. This means the 1ift coefficlent, and
hence L/D, decreases. Tigure 32 presents a plot of trim 1ift and dreg
characteristics for the single and twin engine configurations. Y»izure 33
presents & plot of trimmed L/D esgainst 1lift coefficient for the basic MC-10
configuration.

DIRECTIONAL STATIC BTABILITY

The directional stability characteristics were analyzed in order to
obtain the vertical fin size required to provide a directionally stable
configuration.

The directional characteristics were evaluated at an sngle of attack
of 0°. All interference effects between componants were neglected. The
body temms evaluated were the internal and external engine contributions.

The internsl side foarce coefficients and centers of pressure were
obtained as outlined in the 1ift seotion of this appendix with the exception
that there wes only one internal lift term since the engine did not have a
bend in the planform view.

Reference & states that the normal force on a ducted cone or oglve can
be spproximeted by the ncrmal force on the equivalent extended solid body.
The engines used in this study have basically & two cone frustrum cowl.
One rathsr blunt cone at the inlet and a second wore slender cone for the
afterbody. The data data of References 7 and 8 were analyzed to obtain the
side force and center of presswe of the external body.

The pylon was treated as a two dimensional airfoil due to the end
plate effects of the wing and body.
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The fin characteristics were obtained using the experimental data of
Reference 9. It was found that a total fin area equal to 1% of the wing
:;a. a‘r'tm provide gufficient static directional stability at Mach 3.0 with

C.g.

The subsonic directional stability was investigated briefly. The side
force and yawing moment coefficient terms were calculated in the manner
outlined above.

< A plot of yawing moment coefficient slope against Mach number for the
forvard snd aft c.g. positions is shown in Figure 34. This figure shows
that the vehicle has static directional stability. over the caaplete Mach
number range.
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TABLE II
TABLE II
BASIC CHARACTERISTICS OF HAZEL CONFIGURATIONS
CONFIGURATION MC-10, MC-11 MC-14 MC-15 MCRLT - MC-19 NC-20 KC-22 MC-g4 PC-20 PC-22 PC-24
Range - Nautical miles 3,200 3,200 4,000 3,200 3,200 3,200 3,200 3,200 3,200 3,200 3,200 4,000
Gross Weight - Lbs, (start of eruise)13,800 12,400 27,000 12,200 vm.s.m 18,310 13,145 8,600 16,500 14,350 9,700 13,990
Wing Area - Ft.2 1,98 1,985 3,000 . 1,985 2985 1,985 1,95 1,99 1,985 1,985 1,985 1,98
Number of Engines 1 1 : 1 1 R § 1 2 2 . 2 2 2 2
Type of Fuel ' PB FB B 2} B FB B i 8F-1 -3} ‘PB 8F-1 8F-1
Ving Loading - Start Cruise 15/Ft.2 6.95 6.25 8.65 6.15 TeTT 9.22 6.67 434 8.3 7.2 4.89 T.04
Stert Cruise Alt. : 125,000 128,000 - 125,000 128,300 125,000 125,000 125,000 139,000 125,000 125,000 136,200 125,000
End Cruise Alt. 137,800 143,400 142,200 141,000 136,800 137,400 137,200 146,000 140,100 136,500 141,800 135,000
Construction Fabric Fabrie Fabric PFabric Pabric Plastic Fabric Fabric Fabrie Fabric Pabric -Fabric.
AERODYNAMICS
01855 .0178 0195 01855 .p1885 20204 01862 02013 0192 01782 L0164 .0220
@3 Start Cruise 4,17 4,25 4.15 4.18 ‘4,21 a1 4.26 4,18 ' 4 bl h,24 3.5
. L/D) End Cruise o 3.66 3.7 3.5 3.66 i 346 3.48 3.72 3.57 3.61 3.81 3.6 3.05
@ Start Cruise’ 8.5° 8.5° 10.1° 8.5° 159~ 10.3° 8.0° 8.60 9.15° 8.40 8.6° 8.25°
a End of Cruise ) 9.2° 9.2° 10.6° 9,2° 9.7° 10,80 8.5° 9.0° 9.7° 8.80 9.0° 8.7°
ENGINE . .
. . per . per . yer per per pe:
Capture Area - Ft. 2 85.3 83.6 167 85.6 % s 40 eng.  39.2 eng. 51.0 eng. 257 eng. 30 eng. 40.8 en
(or Thrust) .85 .85 .85 .85 85 .85 .8 1.0 .85 . 1,580 lbs. 1,191 1lbs. 1,970 1bi
ohc ot start crutse 1.458 1.489 1.k58 149 L.sB 1.is58 1.458 .98 1.7 1295 . '865
SFC at end cruise 1.586 1.658 1.625 1.625 1.575 1.58 1.58 1.04 2.08 T 2,03 .958 912
Manufacturer Marquardt Marquardt Marquardt Mgrquardt xnnq.!.&.. Merquardt Marquardt Marquardt Marquardt P and W P and P and
WEIGHTS - LBS. ) : h .
Payload 800 800 800 " 300 1,300 800 800 800 - 800 800 800 800
Structure © 2,635 2,397 5,062 2,290 - 2,90 4,316 2,508 . 1,623 2,978 2,393 1,796 2,300
Fixed Equipment 2,307 2,225 3,175 2,342 2,347 2,376 2,272 2,107 2,534 2,379 2,124 2,552
 Miscellanéous 68 65 103 68 . . 68 68 100 100 100 100 100 100
Engine 1,460 1,200 2,960 1,350 1,600 1,800 1,340 %20 1,338 1,470 1,710 2,198
Glide Weight ' 7,470 6,887 12,300 6,550 - 8,415 9,560 Ty220 5,750 71,950 7,342 6,730 8,170
Fuel Weight . 6,330 5,513 14,700 5,650 7,000 8,750 5,925 2,80 8,550 7,008 2,970 5,820
Gross Weight (start of eruiss) 13,800 12,400 27,000 12,200 15,415 18,310 13,15 - 8,600 - 16,500 14,350 39,700 13,990
|

43
o
€
b
o
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| TABLE I1I
- BASIC CHARACTERISTICS OF ROCKET POWERED HAZEL CONFIGURATIONS
Boost-Rocket
Boost-Glide Cruise-Glide
Range, N. Miles 3,200 ‘3,200
Maximm Velocity, Pt/Bec 14,500 8,800
Mi4 Range Altitude, £7 177,000 150,000
Avereage Aerodynamic “/D 4,7 5.0
Landing 8peed, Knots 50 55
Weight, Lbs.
Btart Glide 4,000 4,750
Cruise Fuel - 4
Start Cruise - i%f‘%
3rd Stage Motor K20 -
3rd Stage Fuel 4,200 -
8tart of 3rd Stage "8',‘% -
2nd Stage Motor 2085 1,110
2nd Btege Fuel 0 11,100
Start of 2nd Stage 8,575 2,510
lst Stage Motor 1,950 2,225
lst Btage Fuel 1 22,2
Launch Wt. Eg:% ’:5‘:&;
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TABLE IV
MC-10

ZERO-LIFT DRAG BREAKDOWN

M=3.0 135,000 Feet

‘Wave Drag
Wing Thickness ' .00334
VWing Base .000875
Wing Leading Edge 00176
Fin 00030
Pylon .00126
Engine 00440
Fuel Cepsule ¢ 00055
Total Wave v .012485
Friction Drag
Wing .00‘&81
Mn «00090
Pylon and Fuel Capsule - +00035
Total Friction .00606
Total Wave Drag .012485
Total Friction Drag .00606
Total CD .018545
o B
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FIGURE 1
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Fuel Wt. 6,330 1v.
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FIGURE 3
W. Btart of Crulse 13,345 1b. .
‘Fusl Wt. 5,925 PV.N . . +
Wing Aves 1,985 ft.
Fuel Type . Pentaborane
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FIGURE 4
Wt. Start of Cruise 16,500 1b.
Fusl Wt. 8,550 wv.m.
Wing Ares 1,985 ft.
Tusl Type Pentaborane
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FIGURE 6
Wt. Start of Cruise 13,99 1b, .
Fuel Wt. 5,820 b,
Wing Ares 1,985 ft.
Fusl Type 8F-1
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